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1.
( ) $G$ $V(G)$ $E(G)=\{(u, v)|u, v\in V(G)\}$
$u$ $v$ $(u, v)$ $uarrow v$ $v$ $e_{v}$
Hilbert space $H=\ell^{2}(G)$ ( ) [4] Mohar [8]
$A=A(G)$
:
Dom $A= \{x=\sum_{Vv\in}xevv\in H|\sum_{u\in V}|\sum_{varrow u}xv|^{2}\leq\infty\}$
$Ax= \sum_{Vu\in}(_{varrow u}\sum x_{v})e_{u}.$ .
$G$ bounded valency $k$ ( k )
$A(G)$
( ( ). ( ) )
2. 2
[2]:
1. $G$ : $\Leftrightarrow r(G)<1$ .
1 [2]:
1. spectral entropy $h(G)=\log\Gamma(G)\geq 0$ .
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( ). [5] ‘ Kolmogorov
complexity :
$h(G)= \lim_{arrow n\infty}\frac{\log\langle \mathrm{A}(c)n\rangle u,u}{n}=\lim_{narrow\infty}\frac{\log a_{n}}{n}$ .
$u=$ . Scbwarz constant $a_{n}(G)=\langle A(G)^{n}u, u\rangle$ $G$ $n$ -path .
spectral entropy :
1. $k\geq 2,$ $n\geq 1$ $G_{n}(k)$ $r(G_{n}(k))=k^{1/n}$
k $n$ $U(n)$ 1
























$\mathrm{g}$ . ] $G_{n}(k)$
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spectral entropy :
2. $h(G)$ $[0, \infty)$
$a_{n}(v)= \sum_{Gu\in V()}\langle A(c)n\rangle e_{v},e_{u}$
$v$ $n$-path [2] :
2. ( )
$H(G)=$ $\sup$ $\lim\frac{\log a_{n}(v)}{n}\geq 0]$ .
$v\in V(G)narrow\infty$
2 :
3. $h(G)\leq H(G)\leq 2h(G)$ –
2 :
. $H(G)$ $[0, \infty)$
best possible :
2. 1 ( ) k $m$
$T_{k,m}$ $n$-path $w_{n}=k(k-m)^{n}-1$
$H(T_{k,m})= \lim_{arrow n\infty}\frac{\log k(k-m)^{n}-1}{n}=\lim_{narrow\infty}\frac{\log k+(n-1)\log(k-m)}{n}=\log(k-m)$
$T_{k,m}$ $\mathrm{A}(T_{k,m})^{n}$












$\mathrm{g}$ . 2 $T3.1$
$T_{k,m}$
$T_{3,1}$ Cantor set J
:
:
$d= \frac{J\log(k-m)}{\log k}=\frac{Jh(\tau_{k,\prime \mathrm{n}})}{\log||\tau_{k,m}||}=\frac{JH(\tau_{k},)m}{2\log||Tk,m||}.$ .
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3. Ziv




$x=(v_{0,12}v, v, \cdots)$ $x[n]$ $x$ $n$ $(v_{0}, v_{1}, \cdots, v_{n})$
$S:(\cdots, v_{i}, \cdots)rightarrow(\cdots, v_{i+1}, \cdots)$ $x$ $n$
$X_{n}=\#\{S^{j}(x)[n]|j=1,2, \cdots\}$
Ziv [9] complexity :
3. Ziv’s entropy $h(x)= \lim_{narrow\infty}\frac{\log X_{n}}{n}$ .
:
4. – $h(x)\leq h(G)$ $G$ $x$
. $X_{n}\leq a_{n}(G)$ $h(x)\leq h(G)$ $G$ $M=$
$a_{m}(G)$ $m\geq 1$ $G$ m-word $x_{1}^{m},$ $X_{2}^{m},$ $\cdots,$ $X_{M}^{m}$
$G$ $x_{i}^{m}=v_{1}v_{2}\cdots v_{m}$ $x_{i+1}^{n}=$
$u_{1}u_{2}\cdots u_{n}$ $v_{m}$ $u_{1}$ path $(v_{m}, w_{1}, \cdots, w_{k}, u_{1})$ $G$ $w_{i,j}^{m,n}$
$x_{ii}^{m_{X}n}+1$ $G$ $w_{1}w_{2}\cdots w_{k}$
$x_{ii,j+}^{m}w^{mn_{X_{i}^{m_{1}}}}$
) $G$ $x$









$\text{ }$ Frobenius vector $f=(r_{i})$ :
$B=(b_{ij})$ , $b_{ij}= \frac{r_{i}a_{ij}}{r_{j}r(G)}$ .
4.
$N$ (resp. ) $\varphi$ : $x\vdash+y$ (resp. $\psi$ : $y\vdash+\hat{x}$ )
Ziv [9]:
Data Processing Lemma. $h(x)\wedge\leq h(y)\leq h(x)$ .
$x,\hat{x}$ M $y$
$M’$ (<M)
Ziv [9] – :
5 F $x$ $h(x)>h(F)$ $x\neq x\wedge$ .
. $x=x\wedge$ 4 $h(y)\leq h(F)$ . – Data Processing Lemma
$h(x)\wedge\leq h(y)\leq h(F)$ $h(x)\leq h(F)$ .




6( ). $x$ F
$h(x)<h(F)$ $x=\hat{x}\equiv\psi(\varphi(X))$ N \mbox{\boldmath $\varphi$} \psi
. $N$ $\ell$ $\ell^{2}M^{l}\leq N$






. path $m$ $b_{n}$
F Schwarz constant $b_{k-m}\geq M^{l}\geq b_{k-m-1}$ $k$ $x_{i}^{\ell}$
F $y_{i}^{k-m}$ : 4 $y_{1^{-}}ykm_{\mathcal{Z}_{1}^{m}}k22-m_{Z}m\ldots y_{M^{-}}kmZ_{s}m$
F $m$- $z_{i}^{m}$
$S^{iN}$ $(y)[N]$ $L$
$L=(k-m+m)s=kX_{l} \leq X_{l}(m+1+\frac{k-m-1}{\log b_{k-m-}1}\log M^{\ell})$
$\leq N(\frac{m+1}{\ell^{2}}+\frac{k-m-1}{\log b_{k-m-}1}\frac{\log M}{\ell})$
$i$
$S^{iN}(x)[N]=s^{iNiN+}(X)[\ell]s\ell_{(x)}[\ell]\cdots\cdot si\langle N+1)-l(X)[\ell]$
$( \frac{N}{l})$ $\ell-$ $L+1$
( $L$ )
$Q=q-m$
$b_{Q-1}<X\ell\leq b_{Q}$ , $q<m+1+ \frac{q-m-1}{\log b_{q-m-1}}\log X_{l}$






F $( \frac{N}{\mathrm{j}:\ell})q\text{ }$
$m$- $z_{i}’$
$K=L+( \frac{N}{l})q$ $N$ (
K=L+( )q $<N\text{ }$ $0$ )
$K=L+( \frac{N}{p})q$
$\leq N(\frac{m+1}{p2}+\frac{k-m-1}{\log b_{k-m-}1}\frac{\log M}{\ell}+\frac{m+1}{\ell}+\frac{q-m-1}{\log b_{q-m-1}}\frac{\log X\ell}{\ell})$
$\lim_{larrow\infty}\frac{1}{\ell}\log xl=h(_{X)(}<\log rF)=\lim_{qarrow\infty}\frac{1}{q-m-1}\log bq-m^{-1}$
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$\lim_{larrow\infty}\frac{N}{p}=0$ $K\leq N$ $N$ .
. M $G$ $F$
$h(G)<h(F),$ $M\geq M’$
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